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ABSTRACT
Dot matrix displays are widely used in various aspects and for diverse purposes. They are
used as means of advertising, displaying public service information, traffic notifications,
and greetings note. Inspired by the functionality of dotmatrix as message display, the aim
of this project is to build a system that enables the transmitter block to transmit messages
wirelessly to the dot matrix at the receiver block. Thiswill result in a timelier andaccurate
message to be conveyed to public without having to be controlled by large workstation,
heavy computers or any kind of software. The hardware of the system comprises of two
blocks controlled by a PIC microcontroller respectively. The 4x4 keypad gives the input
to the transmitter microcontroller and the Vacuum Fluorescent Display (VFD) acts as the
transmitter display. The Dot Matrix is placed as the receiver display. RF hybrid
transceiver pair that acts as the heart of the wireless transmission is interfaced to the
microcontrollers using the encoder/decoder pair. The RF transceiver pair transmits and
receives the data based on purely RF transmission without any assistance of Graphical
User Interface (GUI). C languageprogramming becomes the basis of the operability ofthe
microcontrollers and the control of the workflow of the system. This project is a potential
platform for enthusiasts of electronics project to integrate the use of microcontrollers, C
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This chapter provides basic information obtained throughout the research done using
various resources such as the internet, books and other related materials. The
background of study will explain briefly about the project followed by the problem
statements, the objectives and the scope of study.
Dot matrix displays have becomepopular these days, being used to conveymessages at
mostpublic places likebanks, bus terminals, highways and also government agencies. It
is one of the easiest ways to pass on messages to a large target group. The messages
being displayed, byallmeans, must betimely and accurate. Nevertheless, the dotmatrix
displays mostly, if not connected in hard-wired mode to the controller station, is being
controlled remotely by certain software installed on a computer at the control station. It
is not usually equipped withmeans to enable messages to be transmitted directly to the
displaying unit without having to use a workstation or a computer.
Therefore, the main focus of this project is to build an integrated system that transfers
the message wirelessly to the dot matrix display at the receiver. It uses the platform of
Radio Frequency (RF) to achieve wireless transmission. The hardware consists of two
microcontroller boards. One is connected to the keypad, Vacuum Fluorescent Display
(VFD) and the transmitter module, while the other is connected to the receiver module
and the dot matrix display. The microcontrollers control the operations of transmitting
and receiving with the use ofC language program embedded inside them.
1.1 BACKGROUND OF STUDY
The advancement of communication technology has shown great paces parallel to the
growth of the world of electronics. New technologies have been created and improved
by engineers and researchers of vast experiences in electronics and communication.
They are, of course, developed to improve the quality of life and to speed up the
communication between distant places.
Wireless communication is one of the most vibrant areas in the communication field
today. While it has been a topic of study since the 1960s, the past decade has seen a
surge of research activities in the area [1]. While wired networks and communication
are for communications between fixed locations, wireless networks are mostly for
communication between devices, with the device mobility being the primary benefit.
According to Forouzan (2004) in his book titled 'Data Communications and
Networking '(3rd Edition), wireless communication is referred to as unguided media that
transport electromagnetic waves without utilizing a physical conductor. For wireless
communication, the electromagnetic spectrum ranges from 3 kHz to 900 THz, as shown
in Figure 1.1 [2]:







Figure 1.1: Electromagnetic spectrum for wireless communication [2]
The application of wireless communication is widely implemented at these present times.
Its significance is illustrated by the redefined way of communicating and retrieving
information.
Integrating the wireless communication means with the digital domain is indeed an
exciting field to be explored. Bates, in his book titled The Introduction to
Microelectronic Systems: The PIC 16F84 Microcontroller mentioned that the PIC
microcontroller, at this present time, has attracted many interested programmer and
beginners to come up with notable electronics projects or mini projects. It is a valuable
device to give user valuable insight into the technology behind the explosion of
microcontroller-based applications that has occurred in the recent years, based on cheap,
mass-produced digital circuits [3].
1.2 PROBLEM STATEMENT
1.2.1 Problem Identification
Transmitting the messagefrom the transmitter to the dot matrix attachedto the receiver
sideis not a tough task to be donewhen the connection is in hard-wired mode. Themain
challenge here is to fully utilize the wireless transmission as the means to send the
characters to the dot matrix at the receiver without too much of transmission loss
occurring.
The radio waves, for the most parts, are omnidirectional. The signals propagate in all
directions when the antenna is transmitting the waves. The radio frequency, being a part
of the radio waves, is entitled to the limitation that radio waves have. Concerning
multipath distortion, radiowaves move from an omnidirectional antenna in all directions.
When these radio waves strike a very dense object such as metal or stone, they reflect,
much as light reflects from a mirror or other shiny surface. Even when there is a clear
path between the transmitting and receiving antennas, some of the signal reflected from
other paths will arrive at the receiving antenna. This phenomenon is called multipath
distortion. It can affect the received signal because the longer path will cause the signal
to arrive out of phase with the signal from the direct path. The effect of multipath
distortion can range from nothing to the cancellation of the signal, depending on the
paths and the resulting delays. In some cases, the multipath effect can even boost the
received signal. This occurs when both paths arrive at the same time-in phase-such as
when multiple transmitting antennas are used.
Other than that, a wired link provides reliability close to 100 percent, but at the price of
a fixed link without mobility. Radio links offer mobility and convenience, but all radio
links are prone to performance degradations such as noise and interference that will
reduce reliability noticeably below 100 percent on any given transmission. Poorer
reliability may be mitigated by techniques such as error detection and correction,
increasing transmit power, and so forth, that can keep or increase reliability at high
levels. Nevertheless, it will involve some increases in cost and engineering effort [4].
For the concern ofthis project, the availability of open-space around the transceiver will
be an issue that will influence the range of transmission of this prototype.
Other matters to be heavily concerned about are:
• The structure ofthe C programming being written in order to effectively transmit
the data from the transmitter block to the dot matrix at the receiver block.
• The strength of the signal to be transmitted.
• Messages to be able to be transmitted and be displayed to the receiverdot matrix
display.
• To provide room for further enhancements planned to be done after the system
has been proven to work well.
1.2.2 Significance of the Project
On the application aspect, this project is seen as a miniature attempt to utilize wireless
transmission to transmit data from a microcontroller board to a remotely-placed receiver
equipped with a dot matrix display. It can be a good platform to study about RF
transmission for developing prototypes utilizing wireless transmission of higher
complexity for the undergraduate level.
On the electronic aspect, the project determines to prove the compatibility of the radio
frequency module from RFSolutions® with PIC microcontroller of Microchip™ brand,
interfaced using the encoder and decoder pair from Holtek Semiconductor. In the end of
the project duration, this project should be successfully built as a device that can
transmit data wirelessly to the receiver end. [6]
1.3 OBJECTIVES AND SCOPE OF STUDY
1.3.1 The Objectives of the Project
On a larger scale, this project is hoped to be built for a superior application suitable for
outdoor usage. But pertaining to the project funding, the target seems unfeasible. The
goals for the project, in the timeframe given for the Final Year Project to be completed
include but are not limited to the following:
• To ensure that the message at the receiver displays the same message being
displayed on the transmitter vacuum fluorescent display (VFD),
• To minimize any transmission delay between the point of transmission and the
point of data reception. It is measured from the point of the pressing the keypad
to transmit and the moment the dot matrix at the receiver side displays the
message,
• To enable the receiver to continuously display the final message being entered
without having the transmitter to continuously being powered up to send data.
1.3.2 Scope of Study
There are plenty of components involved in order to achieve all the goals stated. The
major components that are required for this project will be:
• Wireless communication circuitry is essential in ensuring that the receiver block
will only display the correct data being transmitted from the transmitter block.
This is to be done using the RF transceiver.
Two PIC microcontroller boards, complete with the peripherals needed to
support the communication between the prototype and the end user.
A pair of encoder and decoder to communicate the RF transmitter and receiver
respectively with the microcontrollers.
A well-tailored C programming codes to ensure that the microcontrollers will
work well according to the planned prototype operation.
CHAPTER 2
LITERATURE REVIEW
2.1 RF WIRELESS TRANSMISSION
2.1.1 Introduction
The radio frequency or in simple terms known as RF refers to that portion of the
electromagnetic spectrum in which electromagnetic waves can be generated by
alternating current fed to an antenna [8]. Nearly all wireless transmissions use RF,
including AM and FM radio, TV, satellites, portable phones, mobile phones and
wireless networks. RF signals can be focused in one direction (directional), or they can
transmit in all directions (omnidirectional) [14]. Generally, RF transmission points to
wireless communications with frequencies below 300 GHz [15]. It covers the range of
electromagnetic frequencies above the audio range and below infrared light (from 10
kHzto 300 GHz), except for infrared (IR) transmission. Above 300GHz, the absorption
of electromagnetic radiation by Earth's atmosphere is so great that the atmosphere is
effectively opaque to higher frequencies of electromagnetic radiation, until the
atmosphere becomes transparent again [8].
Such frequencies and the belonging wavelength account for the following parts of the
spectrum shown in the table on the proceeding page:
Table 2.1: Radio frequency spectrum [8]
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2.1.2 Issues on Data Integrity
While using a wireless system, it is desirable to filter out unwanted and interference
signals to prevent incorrect data from being received and interpreted. Since RF spectrum
is crammed with noise and other interference signals, it is imperative that a means of
data control is applied [14]. To achieve it, an encoder IC (HT12E) is connected as an
interface between the microcontroller and the transmitter, and a decoder IC (HTl 2D)
between the other microcontroller and the receiver module, both from Holtek
Semiconductor. The encoder encodes the 4-bit data received from the microcontroller
into serial data, while the decoder decodes the serial data received from the receiver
module into the same 4-bit data encoded by the encoder.
2.1.3 HT-12E
The HT-12E encoder is a CMOS LSI for remote control system applications. It is
capable of encoding information which consists of N address bits and 12N data bits.
Each address/data input can be set to one of the two logic states. The programmed
addresses/data are transmitted together with the header bits via an RF transmission
medium upon receipt of a trigger signal. The capability to select a TE (transmission
enable) trigger on the HT12E further enhances theapplication flexibility of encoder [10].
Roughly, theoperation ofthe HT12E encoder can beexplained in this manner: Inorder
to encode a signal, each ofthe address/data pin inputs must have beenset to logic '0' or
logic iV. Once this is obtained, the encoder is now programmed. This programmed
address/data is transmitted via RF when the TE pin goes low (note the active low sign).
For the oscillator, the HT12E has an RC oscillator whose oscillation frequency is
selected by using an appropriate resistor value. Forthe HT12E, theoscillation frequency
for the decoder is 50 times larger: F0scd (decoder) = 50FOsce (encoder), as written in the
HT12E datasheet [10].
HT-12E has the following features [10]:
Operating voltage of 2.4V-12V
Low power and high noise irnmunity CMOS technology
Low standby current: 0.1A (typical) at VDD = 5V
Minimum transmission of four words for the HT12E
Built-in oscillator needs only 5% resistor





























Figure 2.1 HT-12E Pin Layouts [10]
Table 2.2: HT12E Pin Description [10]
Pin Name I/O Description
A0-A7 I Input pins for address A0-A7 settinq
AD8-AD11 1 Input Dins for address/data AD8-AD11 setting
D8-D11 1 Input pins for data D8-D11 setting and transmission
enable, active low
DOUT 0 Encoder data serial transmission output
L/MB i Latch/Momentary transmission format selection pin
TE i Transmission Enable
OSC1 ! Oscillator input pin
OSC2 0 Oscillator output pin
X1 1 455kHz resonator oscillator input
X2 O 455kHz resonator oscillator output
VSS 1 Negative power supply
VDD 1 Positive power supply
2.1.4 HT-12D
The HT-12D decoder is a CMOS LSI for remote control system applications. It is paired
with HT-12E encoder. For proper operation, a pair of encoder/decoder with the same
number of addresses and data format should be chosen. The decoder receives serial
addresses and data from a programmed HT-12E encoder that are transmitted by a carrier
using an RP transmission medium. It compares the serial input data three times
continuously with its local addresses. If no error or unmatched codes are found, the
input data codes are decoded and then transferred to the output pins. The VT pin also
goes high to indicate a valid transmission. HT-12D is capable of decoding information
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that consists of N bits of address and 12N bits of data. HT12D provide 8 address bits
and 4 data bits [11].
For the HT12D operation, it can be summarized as follows: The decoder receives serial
addresses and data from the programmed encoder. So whatever address values were
programmed on the encoder, the decoder must have the same address values. A signal
on the DIN pin activates the oscillator and the incoming address and data are decoded.
The decoder checks the received address data three times. If no errors are found, the
input data codes are decoded and then sent to the output pins. These four data pins
remainunchanged until new data is received. The VT pin will go high to indicatea valid
transmission. Usually an LED connected to this pin will give notice to a valid
transmission. The HTl 2D decoder operates on an RC oscillator. The oscillation
frequency depends on what resistor value is used. The resistor is connected between
pins OSC1 and OSC2. As mentioned before, the oscillator frequency for the decoder is
50 times bigger than that ofthe encoder. The recommended oscillatorfrequency is given
by: Foscd (decoder) - 50Fosce (HT12E encoder), as written in the HT12D datasheet [11].
HT-12D has the following features [11]:
Operating voltage of 2.4V-12V
Low power and high noise immunity CMOS technology
Low standby current
Capable ofdecoding 12 bits of information
Binary address setting
Received codes are checked 3 times
Address/Data number combination (8 address bits and 4 data bits)
Built-in oscillator needs only 5% resistor
Valid transmission indicator








































Figure 2.2HT-12D Pin Layouts [11]
Table 2.3: HT12D Pin Description [11]
I/O Description
Input pins for address A0-A1 1 setting




o Oscillator output tan
Negative power supply (GND)
Positive power supply
2.2 RADIO FREQUENCY: THE DEVICE
For this project, the RF module to be used is the FM Hybrid Transmitter and Receiver
Modules by RFSolutions®. The transmitter operates on 3-12V supply voltage and
comes in either SIL or DIL package. The receiver is builtusing the PLL XTAL design
and operates on 5V supply voltage.
2.2.1 The Transmitter and Receiver
These miniature RF modules provide a cost effective highperformance FM Radio data
link, at 433.92MHz. Manufactured using laser trimmed thick film ceramic hybrid, the
modules exhibit extremely stable electronic characteristics over an industrial
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temperature range. There is no adjustable component and ensures very reliable operation
overtime [15].
This transmitter and receiver pair enables the simple implementation of a data link at
distances up to 75 meters in-building and 250 meters open ground. These transmitter
and receiver modules are optimized for wireless transmission of encoded data packets
[15].
Figure 2.3: The FM Hybrid Transmitter and Receiver Modules [15]
The transmitter, which is of model FM-RTFQ2-433R, is a single-in-line package
incorporating a voltage regulator for 3-12V operation. It is tailored to be compatible
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Figure 2.4: The transmitter block diagram [15]
The receiver, of model FM-RRFQ2-433 is a Single in Line Package, with the



















Figure 2.5: The receiver block diagram [15]
The operationofthe transmitterand receivercan be understood by referringto the block
diagrams:
• The XTAL block refers to the crystal which is used as an oscillator, as it is
capable of producing precise and stable frequencies for frequency counters,
radio transmitters and receivers, computer system clocks and many other
applications. The XTAL Oscillator block indicates the crystal oscillator
operation, in which the oscillator is a means to produce oscillations or
repetitive waves. [5].
• The Phase-Locked-Loop (PLL) Synthesizer consists of four primary
blocks: (1) a phase comparator, (2) a low-pass filter, (3) a low-gain
operational amplifier and (4) a voltage-controlled oscillator (VCO). It is used
widely in performing functions of modulation, demodulation, and signal
processing and frequency synthesis. It ultimately employs phase lock to
perform its intended function. A phase lock can only take place when the
PLL is frequency locked. Only then can the phase comparator produce an
output voltage that is proportional to the difference in phase between its
VCO and the external input frequency [5].
Power Amplifier, by its name, is used to amplify the signal to the receiver.
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• The Mixer is a non-linearamplifier, which tunes the output to the difference
between the RF and the local oscillator frequencies. In other terms, it down-
converts the receivedradio frequencies to intermediate frequencies (IF) [5].
• The intermediate frequencies (IF) block is where the receiver-gain and
selectivity is achieved [5].
• The FM Demodulator functions to produce an output voltage that is
proportional to the instantaneous frequency at its input [5].
• The Comparator block is responsible in producing a more linear output
voltage-versus-frequency response curve since it is immune to amplitude
variations [5].
2.3 MICROCONTROLLERS
2.3.1 Introduction: PIC18F458 and PIC16F877
Two microcontrollers of different models are being used in this project, namely
PIC18F458 for the transmitter board and PIC16F877 for the receiver board. Both
microcontrollers are manufactured by Microchip®.
PIC18F458 belongs to a class of 16-bit microcontroller of High-Performance Reduced
Instruction Set (RISC) Central Processing Unit (CPU). It is an Enhanced Flash
Microcontroller with Controller Area Network (CAN), an added feature not obtainable
in PIC16F877 that enables serial communication within noisy environments between
microcontrollers and devices that adopts this feature [12].
PIC16F877 belongs to a class of 14-bit microcontroller of Reduced Instruction Set
Computer (RISC) architecture. It is a Complementary Metal-Oxide Semiconductor
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(CMOS) FLASH Microcontroller [13]. Its size in terms of memory is less and is an
older model compared to PIC18F458.
Both of the microcontrollers' program memory (FLASH) is for storing a written
program, EEPROM for data memory that need to be saved when there is no power
supply andRAM for datamemory used by a program during its execution.
The differences between PIC18F458 and PIC16F877 are not limited towards the
memory space size only, but also in terms of architecture, special features and function
modules. In this project, the main difference being evaluated is the difference of
memory space between PIC18F458 and PIC16F877, which is summarized in the table
below:
Table 2.4: Comparison of memory size between PIC18F458 andPIC16F877 [12] [13]









PIC18F458 32 16384 1536 256
PIC16F877 8 35 368 256
2.3.2 Applications
PIC microcontrollers perfectly fit many uses, from commercial, industrial and extended
temperature ranges and controlling home appliances to industrial instruments, remote
sensors, electrical door locks and safety devices. It is also ideal for smart cards as well
as for battery supplied devices because of its low power consumption.
Having EEPROM memory makes it easier to apply microcontrollers to devices where
permanent storage of various parameters is needed (codes for transmitters, motor speed,
receiver frequencies, etc.). Low cost, low power consumption, programmability and
flexibility make PIC microcontrollers applicable even in areas where microcontrollers
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had not previously been considered such as: timer functions, interface replacement in
larger systems, coprocessor applications, etc.
2.3.3 Pin Descriptions
Both PIC18F458 and PIC16F877 have a total of 40 pins, with 5 I/O port, namely
PORTA, PORTB, PORTC, PORTD and PORTE. They are most frequently found in a
PDIP type of case but can also be found in PLCC (Plastic Leadless Chip Carrier) and
QFP (Quad Flat Package) case which are square in shape [12][13]. PDIP is an
abbreviation for Plastic Dual In-line Package. It is an electronic package with a
rectangular housing and two parallel rows of electrical connecting pins, usually
protruding from the longer sides of the package and bent downward. A DIP (Dual In
linePackage) is usually referred to as a DIP/i, where n is thetotalnumber of pins [7]. In
PIC18F458 and PIC16F877 case, their package with two rows of twenty vertical leads
wouldbeaDIP40.
DIPs have an orientation notch in one end. If the chip is held so that the long axis is
horizontal and the notch is at the left end, pin number 1 is the leftmostpin in the bottom
row. Pins are numbered counter-clockwise from there, i.e. left to right across the bottom
row, then right to left across the top row. This allows automated chip-insertion

































































The first semester of the Final Year Project is focused on the initiation of the project.
Among the matters done were the literature review, system research, logistics gathering
and the circuitry completion of the transmitter and the receiver board. The second
semester is focused on establishing the wireless connection between the two boards, and
to complete the C code for the transmitting and receiving. Most of the logistics have
been made available for the smooth continuation ofthe project work in FYP I. In FYP
II, the completion ofthe project is comprised of smaller blocks like communicating the
RF transmitter and receiver, interfacing the RF transceiver with encoder and decoder for
better data quality, the hardware interfacing between the PIC boards with the RF
wireless transmission block and coordinating the hardware using C language for the best
performance.
The process of completing the stages reflects the methodology of the waterfall model.
The waterfall model derives its name due to the cascading effect from one phase to the
other; with each phase is well defined, given the starting and ending point, with
identifiable deliveries to the next phase [17].
The following method best describes the steps taken in completing the project from the


















Figure 3.1: The waterfall method used for FYP completion
In the first stage, the requirements for the system were defined. With the researches
done, the problem statements were identified. Having clear statement of problems lead
to the description ofthe project objectives, in which the objectives are the most feasible
solution to the problem statement.
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After that, the system specification is laid, taking into consideration ofthepricing ofthe
components, the availability, the compatibility of use with each other, and also some
redundancy to mitigate any problems that may arise sooner or later.
The following stage is to design the circuits. This is also where the Ccodes are written
and being checked to ensure the circuitry designed is aligned with the pins defined and
addressed in the program.
Subsequently are the implementation and integration. Each board of circuits are
constructed independently and checked one at a time to ensure that every circuit
constructed on the veroboard is working fine. After each block is confirmed to be
working properly, then only the circuit integration, i.e. interconnection takes place.
3.2 DEVELOPMENT STAGES
The waterfall model is closely related to the development stages of this project. In the
first stage, the requirements for the system were defined. The initial system is outlined













Figure 3.2: Physical systemofthe project
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The problem statements were identified once the researches have been done. An outline
of the system specification is made, with the objective of achieving the wireless
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Figure 3.3: System outline ofthe transmitter and the receiver block
After that, the system specification is laid, taking into consideration ofthe pricing ofthe
components, the availability, the compatibility of use with each other, and also some
redundancy to mitigate any problems that mayarisesooner or later.
The following stage is todesign the circuits ofthe transmitter and the receiver board, the
RF interfacing connections with the encoder/decoder pair to the microcontrollers, and
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the peripheral hardware to the microcontrollers using OrCad software. The circuitry
designed needs to take heed of a few matters:
• To ensure that there is enough ports to cater for the peripherals, especially at
the transmitter side.
• To ensure that the connections for particularperipherals such as the Vacuum
Fluorescent Display and the Dot Matrix Display are aligned with the pin
assignments in their driverC codes.
• The electrical ratings of each component.
• Thepowerneeded to powerup bothofthe circuits.
Subsequently are the implementation and integration. Each board of circuits are
constructed independently and checked one at a time to ensure that every circuit
constructed on the veroboard is working fine. After each block is confirmed to be
working properly, then only thecircuit integration, i.e. interconnection takes place.
The system integration then witnessed the three stages of testing modes:
• Wired 4-bit parallel checking, done by connecting both the
microcontrollers input and output pins directly without the intervention of
the encoder/decoder pair and the RF transceiver.
• Serial data wired transmission checking, which involves the data
transmission from the serial data-outpin ofthe encoderinto the serial data-in
pin ofthe decoder.
• Wireless transmission checkingby connecting the serial data-out pin ofthe
encoder to the data-input pin of the transmitter. The data is then being
transmitted wirelessly to the receiver, in which its data-output pin is
connected to the serial data-in pin ofthe decoder.
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3.3 TOOLS REQUIRED
Tools are notjust the wire cutters and the long-nose pliers that help to bend the legs of
the components; they comprise of the major components, hardware and software
required to build the project:
3.3.1 Hardware
• PIC18F458 is used as the transmitter microcontroller.
• PIC16F877 is used as the receiver microcontroller.
• The keypad
• The Vacuum Fluorescent Display (VFD)
• The Dot Matrix display
• RF transmitter and receiver module
• External antennas
• Digital multimeter
• Warp-13 board (to program the .HEX files generated after the C codes are
written and compiled. Only available at Microprocessor Laboratory and is not
feasible to be purchased: US$109)
• Suitable power jack topower upthe circuits from thesocket outlet.
Figure3.4: The Warp-13 programmer board [16]
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3.3.2 Software
• CCS C Compiler (this is where the C codes are written, checked for errors and
are compiled into the .HEX files)
• Warp-13 software (to erase and reprogram thePIC with the C codes compiled.
File extension should be in .HEX)




4.1 PROJECT FLOW AND ARCHITECTURE
The specific architecture ofWiTrix is explained by the block diagram shown in Figure
4.1 and theoperational flow chart shown in Figure 4.3.
By referring to both of the figures, the operation can be described by the following:
When the transmitter is powered up, the user is prompted with a welcome note,
informing which button should be pressed next, either Button A, Bor C, with:
• Button Ajumps back to the welcome note prompt, and prompts the user to
enter either A or B or C again.
• Button B displays thebutton functions of the keypad.
• Button C will direct the user to press any number from 0 to 9 to view the
messages.
As soon as the messages are displayed on the VFD, the same message will also appear
on the Dot Matrix display. This is due to the parallelism employed during sending the
characters to the VFD, the microcontroller at the transmitter also sends a specific 4-bit
data to the receiver for the microcontroller at the receiver to identify and display the
message that suits the 4-bit data from the transmitter.
The messages can be entered as much as 20 times, and after that, the transmitter
program needs tobe restarted back again by pressing either A, orB, orC.
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vthThe 20-times iteration, however, can be escaped at any time before the 20 iteration by
pressing Button D, and that theuser will beprompted to press Button E to restart again





Figure 4.1: Theoverview ofthe WiTrix operation
Figure 4.2: The final prototype of WiTrix
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jgp- Escape?








Figure 4.3: The flowchart of WiTrix operation
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4.2 PIC MICROCONTROLLER
Two PIC microcontrollers of different models are used for this project, namely
PIC18F458 for the transmitter block and PIC16F877 for the receiver block.
PIC18F458 is chosen to control the operation of the transmitter block since the
transmitter block is handling more hardware peripherals. Ports A, B, C and D of
PIC18F458 are almost completely occupied by the three peripherals (the keypad, the
VFD and the encoder). Therefore, a bigger space of memory to allocate the long C
programming is needed to control the peripherals and so to have a faster operation
compared to if the transmitter block were to use PIC16F877.
Table 4.1: PIC18F458 port utilization
Port Description
A0-A3 4-bit output to encoder
B0-B7 8-bit keypad
C1-C3 Control bits for Vacuum Fluorescent Display (VFD)
D0-D7 Data bits for VFD
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Figure 4.4: The transmitter board connection to the transmitter circuit and itsperipherals
PIC16F877 is used to control the receiver board, where it is programmed to be able to
identify the input received from the decoder, and match the input with one of the 10
messages.
Table 4.2: PIC16F877 port utilization
Port Description
A0-A3 4-bit input from decoder
B0-B2 Control bits for Dot Matrix display
B4-B7 Data bits for Dot Matrix display
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Figure 4.5: The receiver board connection to the decoder and the Dot Matrix display
4.3 COMMUNICATION MEDIUM
For this prototype, the RF Hybrid Transceiver pair from RFSolutions® is used as the
wireless communication medium. The transmitter and the receiver are respectively
connected to the HT12E encoder and HT12D decoder from Holtek Semiconductor as
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Figure 4.7: Interfacing circuit ofthe transmitter with HT12E (right) and the receiver
with HTl 2D (left)
As mentioned earlier, the encoder and decoder pair is used to interface the
microcontroller with the RF transceiver. At the transmitter microcontroller, the ports AO
to A3 are connected to the encoder pins of AD8 to AD 11. The encoder will receive 4
bits of data from the transmitter microcontroller according to which keypad button is
pressed. The microcontroller response to respective input from the keypad is
summarized in the table in the next page:
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Table 4.3: Transmitter microcontroller operating algorithm
Keypad Microcontroller output bits Vacuum Fluorescent
Display message# pressed Input to PIC A3 A2 Al A0
1 Oxll 0 0 0 1 1. Available
2 0x12 0 0 1 0 2. Taken an MC
3 0x14 0 0 1 1 3. Out 4 a while
4 0x21 0 1 0 0 4. Not in office
5 0x22 0 1 0 1 5. Out to meeting
6 0x24 0 1 1 0 6. Lunch break
7 0x41 0 1 1 1 7. Out- Site Visit
8 0x42 1 0 0 0 8.1-week leave
9 0x44 1 0 0 1 9. Leave your msg
0 0x82 1 0 1 0 10. Don't disturb
The outputs from portA0to A3 will thenbe channeled to the encoder for it to convert it
into serial data. Then the serial data produced will be channeled to the RF transmitter,
and be transmitted to the receiver side.
At the receiver, the received signal is converted into serial data, and is channeled to the
Data In pin of the decoder. The decoder will then decode the serial information into 4-
bit data. The produced 4-bit data are then directed to the receiver microcontroller input
pinsof A0to A3. Theresponse ofthe receiver microcontroller is tabulated as follows:
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Table 4.4: Receivermicrocontroller operating algorithm
Microcontroller input bits Dot Matrix Display
messageA3 A2 Al AO
0 0 0 1 Available
0 0 1 0 Taken an MC
0 0 1 1 Out 4 a while
0 1 0 0 Not in office
0 1 0 1 Out to meeting
0 1 1 0 Lunch break
0 1 1 1 Out- Site Visit
1 0 0 0 1-week leave
1 0 0 1 Leave your msg
1 0 1 0 Don't disturb
4.4 C PROGRAMMING
The Cprogram isprogrammed into the PIC Microcontroller tocontrol the inputs and the
outputs the microcontroller will give. The program for the transmitter is written for the
VFD todisplay the characters keyed infrom the keypad and tosend data to the receiver,
while the program for the receiver is written to wait for any input from the transmitter
and display the message accordingly to the input received. The C programs of the
project are included in the Appendices section.
On ofthe advantages of using C thanAssembly Language is no requirement to program
each memory allocation while inassembly language, each memory allocation need to be
defined. Also, simple routines are the easiest to use for troubleshooting and initialtests
Other than that, debugging will be easier in C than in Assembly Language. The flow
chartonhowto program a microcontroller is shown in the figure below:
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'Wireless Transceiver for Dot Matrix' can be categorized as a unique wireless
communication prototype. This project is built with the aim to develop a system that
utilizes wireless transmission to send messages to the dot matrix at the receiver block.
Through all the development stages and the organized planning, the project has
successfully met its objective in having able to transmit and receive data in wireless
mode. The completion of the transmitter board and its interfacing with the Vacuum
Fluorescent Display is completed in FYP I. In FYP II, the focus is more to
understanding the operation ofthe encoder/decoder pair and the RF transceiver module,
integrating the whole hardware system together and completing the Cprogram that is
able to control the flow of operation of the system. The main components of the
prototype: the microcontrollers, the encoder and decoder pair and the RF transceivers
have proven to be working smoothly although initially it was rather doubtful since the
three components are manufactured by different parties.
The interesting part ofthewireless transmission used inthis project is that, although the
signal transmission cannot be guaranteed to be 100 percent reliable, the signal
transmission in this prototype is fast and precise. The receiver displays the exact
message like what the transmitter displays, and the time interval taken for it to display is
tested to be mostly less than 3 seconds. Apart from knowing that the microcontroller is
doing a good job based on smoothly written C programs, the efficiency of the RF
transceiver pair is also clearly projected by the fast and accurate transmission. Also, the
use ofthe encoder-decoder pair hashelped in converting the parallel data into serial data,
and vice versa.
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The major factors interms ofdifficulties are constructing each ofthe board to ensure that
the electrical ratings are witliin thecapacity ofeach components, and also to integrate the
boards altogether into one system. Good understanding of Circuit Theory, Analog
Electronics and Communication System are required to complete the project. On top of
that, programming skill especially in C language is very much needed to accomplish a
workable prototype. Good understanding in RF components and how the RF pair works




The use ofthe system canbe extended to a further distance. A larger receiver display can
be used for better applications. Anenhanced keypad or a keyboard may be used to enter
the characters so that individual letters, numbers and characters can be typed to be sent to
the display at the receiver. The issue is of course, thebudget for the project and also, the
duration for the project to be accomplished, in which both needs to be feasible since
project definition expansion will mean extra cost and longer deadline.
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char data,data2,data3,scanner, scanner2, scanner3, second,run,data4;
charnon={'0',,r,,2',,3,,,4',,5',,6,57V8','9'};





























1 2 3 A
4 5 6 B
7 8 9 C


























































































case 0x81:greetings(); // star. BUTTON OK
flagrl;
break;






characterdisp("now press any no");
delay_ms(100);
downsmallchar();
characterdispC'to view the msgs");
delay_ms(1000);














case 0xl2:-H-k; //No 2











case 0x2 l:++k; //No 4





case 0x22:++k; //No 5





case 0x24:++k; //No 6
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case 0x41 :++k; //No 7





case 0x42:++k; //No 8





case 0x44:++k; //No 9


















































































































































































































APPENDIX B: The C Code for the Receiver
/*























































































APPENDIX C: The C Code for the Dot Matnx Driver
//The dot matrix driver program









// LCDpins D0-D3 are not usedand PIC D3 is not used.









// This structure is overlayed
// on to an I/O port to gain
// access to the LCD pins.
// The bits are allocated from










#byte led = 6 // on to port B (at address6)
#else








// This puts the entire structure
// This puts the entire structure
#define ledtype 2 // 0=5x7, 1=5x10, 2=2 lines
#defme led line two 0x40 // LCD RAM address for the second line
byte CONSTLCD_INIT_STRING[4] = {0x201 (ledjype « 2), Oxc, 1,6};
// These bytes need to be sent to the LCD
// to start it up.
// The following are used for setting
// the I/O port direction register.
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STRUCTlcd_pin_mapconst LCD WRITE= {0,0,0,0,0};// For write modeall pins are out
















retum( (high«4) j low);
}















































case %' : lcd_gotoxy(l,2); break;
case'lb' : Icd_send_byte(0,0xl0); break;
default : Icd_sendjbyte(l,c); break;
}
}
char lcdj*etc( byte x, byte y) {
char value;
lcd_gotoxy(x,y);







APPENDIX D: The C Code for the VFD Driver
// DRIVER PROG FOR VACUUM FLUORESCENT DISPLAY
//////// Standard Header file for the PIC18F458 device ////////////////
////////Programmemory: 16384x16 Data RAM: 1536 Stack: 31
////////I/O: 33 Analog Pms: 8
//////// Data EEPROM: 256













// Constants used to identify pins in the above are:
#define clear_display 0x01





#define cursor left 0x10








APPENDIX E: Project Cost Estimation
Components Cost Per Unit Quantity Cost(RM)
PIC18F458 microcontroller RM 38.00 ($10)* 2 76.00
FM Transmitter, SIL Package,
868 MHz
RM 66.64 (£9.52)** 1 66.64
FM Receiver, SIL Package, 868
MHz
RM 93.73 (£13.39)** 1 93.73
Electrolytic capacitors RM0.50 20 10.00
Dot matrix display RM 30.00 2 60.00
Ceramic capacitors RM0.30 15 4.50
MAX232 +5V Dual RS232
Transceivers (16 pin DIP)
RM6.90 ($1.80)* 2 13.80
RS232 Connector RM 9.50 ($2.50)* 2 19.00
Voltage regulator 7805 RM 1.00 ($0.25)* 2 2.00
Heatsinks RM1.60 ($0.40)* 2 3.20
Resistors RM0.50 20 10.00
Diodes RM0.40 8 3.20
20.000MHz Crystal Oscillator RM1.20 ($0.30)* 3 3.60
40 Pin Machine Tooled IC
Socket
RM4.00 ($1.05)* 2 8.00
40 Pin .100" Straight Male
Headers
RM7.30 ($1.90)* 2 14.60
Solder bundle RM 10.00 1 10.00
Wires RM2.00/meter 3 meters 6.00
Pushbutton switches RM0.50 4 2.00
Keypad RM 10.00 1 10.00
TOTAL 416.27
*source: http://www.futurlec.com
Conversion of currency: USD$1 = RM3.80
** source: http://www.rfsolutions.co.uk
** Conversion of currency: UK£ = RM7.00
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APPENDIX H: Transmitter and Receiver Module Datasheet
transmitter & receiver
Hybrid Modules,
FM Radio TransTikier & ReseVsrs
Available As 3t 5 or -33 or 835MHz
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Operates bar--, -23 to +35 C
Transmitter
* 3-12 Supply Voltage
• 3iLorDiL3ack3ge
Receiver
• ^LL XTAL Design
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These miniature RF modules providea cost effective high performance FM Radio data [ink, at either 315,
433.32 or a-3SMM?, Manufactured lising laser-trimmed Tii-ste Film ceramic Hybrid the mocuies exhibits
extrerrety s:abl9s!eeironis characteristics overan Industrial Temperature range.The hybrid technology usee
ro adjustable corrtponerts and ensures very reliable operation.
This transmitterand .receiverpar enables the s'mpie mplementafjor: of a data link at distances upto 75 metres
in-building and 250 metres opsr ground.
These modules will sui: one-to-one and mUti-nede wireless links in applications including car and bui'di.ng
securty, EPOS anc inventory frisking, remote industrial preoass monitoring and computer neiworkmg.
Because of'heir small size and low power requirements, both modules are icesi for use n portable, battery-
powered apalca'Jons such as hard-held terrrvnals.







There are two versions of transmitter:
RTFCT; A Dual In Lire Package ooe'aling at 3.3V.Th s provides the most rugged mechanical fx'-ng to
the host PCB. ^cwer Down moce is also available.
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The RSSl proviaes a DC Voltagepropc-tana1 to the peak vans of the receive data signal. Th.s outout csr be
us-edas an indioaxr far "he received signs! strength to use in wake-up circuits etc.
An RCd'curtis normall-f used top-av;dethe tjr.ir-g far the RSSl signal. The-ncdires have a TDnF capacitor
intarnaliy connected toGND, therefore s pull cown resisior no GND) co.nnec-.ed to the RSSl p\r nay fc-s tsed
to generate a sirrtpleRC network time constant for the RSSl sigr>a! output.
Please note that the rnaxirr-urr- -jtitpvt current is- typically 85C-uA the discha-ge current is lower tnan 2uA
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